Objective: Although increased blood flow (BF) in exercising muscles is thought to be impaired in obese subjects and may contribute to physical inactivity, data are scarce in this regard and the involvement of endothelium dysfunction remains partly hypothetical. Methods: A total of 16 middle-aged obese men (body mass index, BMIX30 kg m À2 ) and 16 normal-weight men (BMIo25 kg m À2 ), matched for age, were recruited. We used ultrasonography to compare intima-media thickness (IMT) and distensibility of the carotid artery, flow-mediated dilation (FMD), nitrate-dependent dilation (NDD) and peak BF during postischemic hyperemia in the brachial artery (a conduit artery), and leg BF during knee-extensor exercise (indicative of resistance vessel function) in obese and in normal-weight men. In addition, 10 obese men participated in an 8 week individualized low-intensity training program. Results: Compared with normal-weight men, obese men had higher carotid IMT (0.50 ± 0.01 vs 0.62 ± 0.04 mm, Po0.05) but lower carotid distensibility (0.26±0.03 vs 0.11±0.03 mm Hg À1 10 À2 , Po0.05), FMD (5.7±0.4 vs 3.3±0.5%, Po0.05) and peak BF during post-ischemic hyperemia (398 ± 52 vs 229 ± 24%, Po0.05), despite similar maximal shear rate, without NDD differences. Lower limb BF (ml min À1 100 g À1 ) increased significantly from rest to maximal exercise in both groups with lower values in obese men (at peak power, 36.9 ± 1.6 vs 31.5 þ 2.2 ml min À1 100 g À1 , Po0.05). Exercise training normalized carotid distensibility (0.14±0.04 before vs 0.23±0.03 mm Hg À1 10 À2 after training, P ¼ 0.09) and FMD (2.7±0.4 before vs 4.8±0.5% after training, Po0.05), but did not improve brachial post-ischemic peak BF or exercising leg BF. Conclusions: In obese men, conduit and resistance vessel reactivity is depressed, but a short-term low-intensity exercise training improves distensibility and endothelium dependent vasodilation in the large conduit artery, but not post ischemic or exercise muscle BF.
Introduction
The rapidly growing prevalence of obesity, and the increased cardiovascular risk it implies, is a major public health concern. Vascular wall remodeling and endothelial dysfunction are well demonstrated, obesity-associated, cardiovascular disorders.
1,2 Vascular remodeling can be evaluated by carotid intima-media thickness (IMT) and wall stiffness, widely accepted non-invasive markers of structural and mechanical changes in large arteries that have been shown to be increased in obese adults. 2, 3 Endothelial dysfunction has also been demonstrated in obese subjects, involving both conduit and resistance arteries. 4, 5 Conduit artery function can be readily evaluated by brachial artery flow-mediated dilation (FMD), 6 whereas resistance artery function is usually evaluated via pharmacological approaches. Each method has been used in obese subjects among whom lower FMD 5, [7] [8] [9] and lower blood flow (BF) responses to vasodilatator substances have been reported. 1, [10] [11] [12] [13] Measuring BF during dynamic exercise offers an interesting alternative to pharmacological intervention when evaluating resistance vessel function, 14 as it may be a better representative of the actual mechanisms that limit adaptation to exercise in obese individuals. We recently reported not only resting endothelial dysfunction, but also impaired muscle perfusion during progressive and maximal leg-extension exercise in obese children. 15 In adults, to our knowledge, only Negrão et al. 16 demonstrated decreased forearm BF in obese women during mild to moderate handgrip isometric exercise. Although these results are highly contributive, they are not sufficient to demonstrate that impairment in resistance vessel function is responsible for impaired BF during dynamic exercise in large muscle masses such as the lower limb. Exercise training brings well-known metabolic and cardiovascular benefits 17 and is recommended in the management of obesity. Although exercise training improves endothelial function in obese adults by means of the FMD method 18, 19 or acetylcholine-responses, 4 its effects on vascular function during exercise remain unclear. The few published data have shown increased forearm vascular conductance during mild to moderate handgrip isometric exercise in obese women after weight loss resulting from a diet and training program intervention. 20 However, the effects of exercise training per se on resistance vessel function of active muscle masses, as well as whether these effects similarly concern both conduit and resistance arteries, are unknown. Therefore, the aims of the present study were (1) to compare carotid IMT and distensibility, conduit vessel function by assessing brachial FMD and resistance artery function by measuring post-ischemic brachial peak BF and leg BF and vascular conductance during dynamic exercise in obese and normal-weight men, and (2) to evaluate the effects of an aerobic training program on these artery properties in obese men.
Materials and methods
Population and screening measurements After providing written informed consent, 16 obese men (body mass indexFBMI between 30 and 40 kg m
À2
) and 16 normal-weight control men (BMIo25 kg m À2 ), with age ranging from 35 to 60 years, were included. The obese men were recruited among patients referred to the Endocrinology Department of the Nimes University Hospital, whereas non obese subjects were recruited via advertisements on public notice boards. Exclusion criteria were: diabetes (defined according to the World Health Organisation 1999 criteria), symptomatic peripheral arterial disease, known coronary heart disease or heart failure, uncontrolled hypertension (4160/100 mm Hg) and current medications influencing vascular function (such as Sildefanil, Tadalafil or Vardenafil). In addition, current smokers were not included. Physical activity was evaluated by a questionnaire on the basis of the number of weekly hours of sport practice. Subjects who participated in regular aerobic exercise for the previous six months (current aerobic exercise more than 60 min per week) were also not included. The study protocol was approved by the local ethics committee and was conducted in accordance with the declaration of Helsinki.
Measurements
Anthropometric assessment. Dual-energy X-ray absorptiometry (QDR 2000FDiscovery, Hologic, Bedford, MA, USA) was used to assess body composition.
Blood chemistry. Fasting blood samples were collected to assess plasma glucose (Abbott, Rangendingen, Germany), plasma insulin (radioimmunoassay-kit Insik-5, Sorin Biomedica France, Anthony, France) and lipid profiles (triglycerides, total cholesterol, high-density lipoprotein cholesterol and low-density lipoprotein cholesterol calculated from Friedewald formula) (Abbott). Fasting insulin and glucose levels were used for the homeostasis model assessment of insulin resistance (homeostasis model assessment-insulin resistance (HOMA-IR) ¼ (fasting insulin (mIU ml
À1
) Â fasting glycemia (mmol l À1 ))/22.5.
21
Vascular duplex ultrasonography measurements. All vascular measurements were achieved using high-resolution vascular ultrasonography (Vivid 7, GE Medical Systems, Milwaukee, WI, USA), with a 10-MHz multi-frequency probe. B-mode images and Doppler signals were continuously and simultaneously recorded and sent, along with ECG data, via Ethernet network, for off-line analysis and measurements using dedicated software (EchoPAC Dimension v5, GE Medical Systems). All data were calculated as the average of 5 consecutive measurements. Arterial diameter was measured on B-mode images in the part of the artery running perpendicular to the ultrasound beam. The operator searched for the largest diameter, strong wall signals, and the longitudinal section of the artery in each image. Timeaveraged mean velocity (cm s
À1
) was recorded, at the same level, by the pulsed wave Doppler with a 45-601 insonation angle. Measurements were corrected for the insonation angle and the pulsed Doppler sample volume was adjusted to cover the entire width of the vessel. The high-pass Doppler frequency filter was kept at the lower value ensuring rejection of arterial wall motion artifacts, with a cut-off value usually below 100 Hz. The same, well-trained operator performed all measurements. All records with readily visible insonation failure were excluded from the analysis. Withinsubject coefficient of variation in our laboratory at rest was 1.8% for arterial diameters and 12.7% for BF. Corresponding data during exercise were on average 2.1% for arterial diameters and 8.6% for BF. 22 Conduit vessel morphology and function at rest. The subjects were examined in a supine position, after a 15 min resting Vascular reactivity in obese men: training effects A Vinet et al period, in a temperature-controlled room (22 1C) . After blood sampling and exercise calorimetry test were performed, a low-energy intake breakfast was provided for all subjects and the vascular assessment was done at least two hours later.
For the common carotid artery (CCA) assessment, the transducer was placed 2-3 cm proximal to the carotid bifurcation on the right side of the neck. The CCA IMT (mm) was measured automatically by the software in the region of interest drawn by the operator according to the Mannheim consensus, 23 Briefly, a pneumatic cuff was put on the right forearm near the elbow. The ultrasound probe was placed approximately midway between the antecubital and axillary regions. The cuff was then inflated to 250 mm Hg, during the 5 min before sudden cuff deflation induced post-ischemic hyperemia. Fifteen minutes later, baseline measurements were repeated, before 0.4 mg of isosorbide dinitrate (Isocard, Schwarz Pharma, Monheim, Germany), an endothelium-independent vasodilator (nitrate-dependent dilation (NDD)), was given sublingually. This procedure is described in detail elsewhere. 15, 22 FMD and NDD (%) were expressed as the percentage change of diameter after post-ischemic hyperemia and after nitrate administration, respectively, relative to the baseline diameter. BF during peak post-ischemic hyperemia, measured by taking the average of 5 cardiac cycles of highest peak systolic velocity after cuff release, was expressed as the percent increase from baseline (%D BF). Shear rate (s
) was calculated as 4 Â mean systolic velocity/mean diameter, to estimate the shear stress induced by hyperemia and to normalize diameter variations. 24 Single local knee-extensor exercise. Lower limb BF was analyzed during a right knee-extensor test in a supine position, as previously described. 15, 22 Briefly, all the subjects performed an incremental knee-extensor exercise at a duty-cycle rate of 45 per min with workloads incremented by 1 kg every 3 min. For all tests, mean external mechanical power was calculated over the last 30 s of each workload during the concentric phase of muscular contraction. A strain gauge and a tachymeter (Telemecanique, Montpellier, France) were used to measure instantaneous force and velocity. Their analog output was fitted to a MP30 module (Biopac System, Gotela, Santa Barbara, CA, USA) for analog-numeric conversion at a 100-Hz sample rate. Online software analysis (Biopac Lab pro, Biopac System) was used to calculate mean external mechanical power over the last 30-s period.
Right common femoral artery B-mode and duplex Doppler measurements were performed at each step, from the 120th to the 150th seconds, below the inguinal ligament. Mean lower limb BF (ml min
) was calculated as the product of time averaged mean flow velocity by lumen cross sectional area, and was indexed to thigh muscle mass (relative BF: ml min À1 100 g
). The shear rate was also calculated during effort. Vascular conductance (ml min À1 100 g À1 mm Hg
) was calculated as relative BF/mean arterial pressure. Comparison of our parameters during leg exercise were expressed in terms of relative exercise intensity, and only values at around 25, 50 and 75% max exercise intensities and at maximal power were reported.
Exercise calorimetry. In order to individualize the training intensity, an exercise calorimetry was performed, after an overnight fast, using a previously described protocol. 25 Briefly, the exercise test consisted of four 6-min steady-state workloads at 20, 30, 40 and 50% of theoretical maximal power (Wmax) followed by a rapid incremental workload (30 W per min) up until P max . The test was carried out on an electromagnetically-braked cycle ergometer (Proline 100; Medisoft S, Dinant, Belgium) connected to a breath device measuring gas exchange (Oxycon, Jaeger, Hoechberg, Germany). Heart rate (HR) was monitored continuously throughout the test by standard 12-lead procedures. An indirect calorimetric method was used to determine carbohydrate and lipid oxidation rates during exercise, according to the non-protein respiratory quotient technique 26 and using mean values of oxygen uptake (VO 2 ) and carbon dioxide production (VCO 2 ) obtained during the last two minutes of each state. 27 In addition, a quantitative parameter of substrate utilization was calculated: the maximum lipid-oxidation point (LIPOXmax), at which the highest rate of lipid oxidation was achieved. LIPOXmax was calculated by a custom made software, using the following approach: the lipid oxidation rate equation (fat ¼ À1.7012 VCO 2 þ 1.6946 VO 2 ) can be simplified as (fat ¼ 1.7(1ÀR)-VO 2 ), (in which R is the respiratory quotient VCO 2 /VO 2 ). For each subject, fat oxidation reached its maximal value when the derived equation attained zero. This low intensity endurance exercise, targeted for lipid oxidation, can improve body composition and insulin sensitivity. 28 The HR obtained at LIPOXmax intensity was used to set the intensity of the training program. 
Results
Effect of obesity Subject characteristics. Data are shown in Table 1 . Obese subjects had significantly higher weight, BMI, relative body fat, abdominal and gluteal fat, absolute lean body, and thigh muscle masses as compared to normal-weight subjects. HR was higher and blood pressure was non significantly higher (P40.1 for both systolic and diastolic blood pressure) in the obese than in the normal-weight subjects.
Blood chemistry. Biological data are shown in Table 2 . Glucose, triglycerides, insulin and HOMA-IR score were higher in the obese group, whereas no differences were found in total cholesterol, high-density lipoprotein and lowdensity lipoprotein cholesterol.
Exercise calorimetry. The obese men had lower LIPOXmax and lower VO 2max than their normal-weight counterparts (Table 1) . HR at each sub-maximal workload was non significantly higher in the obese than in the control group (98 ± 4, 108 ± 5, 120 ± 9, 134 ± 6 b.p.m. vs 69 ± 2, 89 ± 4, 99 ± 4, 111 ± 4 b.p.m. at 20, 30, 40 and 50% max in the obese and normal-weight subjects, respectively P40.05).
Conduit vessel morphology and function at rest. Data are shown in Table 3 . Brachial and femoral artery diameters did not differ between groups, but CCA IMT and diameter were larger in obese than in normal-weight subjects. However, the IMT/diameter ratio was similar in both groups. CCA distensibility was significantly lower in the obese subjects. Obese men also had lower FMD, despite similar maximal shear rates (494 ± 179 vs 468 ± 48 s À1 in obese and normal-weight men, respectively, P ¼ 0.60). Obese men also had lower peak BF than normal-weight men during postischemic hyperemia (229 ± 24 vs 398 ± 52 %, respectively, Po0.05). In contrast, NDD did not differ between groups.
Vascular data during local exercise. Off-line measurements of exercise BF were possible in all subjects. Physiological variables measured during the knee-extensor test are reported in Figure 1 . The obese and normal-weight groups were compared at rest, at three submaximal steps (25, 50, 75% max) and at maximal workload. Both obese and control patients reached the same absolute maximal workload (48.2±3.3 vs 42.1±2.6 W, respectively P ¼ 0.14). BF increased significantly from resting to maximal exercise in the obese and normal-weight men. Regardless of exercise intensity, BF (ml min À1 100 g
À1
) was lower in the obese group (Figure 1a) . In addition, the slope of the linear relationship between changes in BF with increasing exercise power was steeper in normal-weight than in obese subjects (0.56 vs 0.34, respectively, Po0.05). Femoral artery diameter and shear rate increased significantly with exercise intensity in both groups, without inter-group differences (Figures 1b and  c) . Vascular conductance increased significantly from resting to peak exercise with lower values in the obese than in normal-weight men (Figure 1d ).
Exercise training intervention
At baseline, the obese training subgroup did not differ from the entire obese group as concerns anthropometric, hemodynamic, metabolic and vascular data ( Table 2) .
Subject characteristics. Exercise training decreased body fat mass (P ¼ 0.02). and tends to decrease body weight (P ¼ 0.09), BMI (P ¼ 0.09) and abdominal fat mass (P ¼ 0.06). Training decreased resting HR to values similar to those of the normalweight subjects (Table 1) .
Blood chemistry. Biological data did not change after training, although an insignificant decrease in insulin and HOMA-IR was observed (P ¼ 0.17 and P ¼ 0.23, respectively).
Exercise calorimetry. Exercise training significantly improved VO 2max ( þ 8%) and LIPOXmax ( þ 62%) as well as decreased Vascular reactivity in obese men: training effects A Vinet et al sub-maximal HR. Both LIPOXmax and sub-maximal HR reached levels similar to those reported in normal-weight men.
Conduit vessel morphology and function at rest. Exercise training did not change vascular structure, that is IMT and artery diameters. However, training insignificantly improved CCA distensibility (P ¼ 0.07) (Table 3) . Furthermore, training resulted in an approximately 50% mean increase in FMD, which reached values similar to those of normal-weight subjects. Neither NDD nor peak BF during post-ischemic hyperemia changed after training.
Vascular data during local exercise. Exercise training did not change BF, shear rate and vascular conductance from resting to peak effort (Table 4 ). In addition, for each variable, values remained significantly lower in trained obese than in control normal-weight subjects. Vascular reactivity in obese men: training effects A Vinet et al
Relationships between variables
According to the correlations between baseline variables, there were no Cook's distances higher than the recommended threshold (median of the F(2,nÀ2) distribution). Hence, no outlier was detected. The baseline FMD was negatively correlated with abdominal fat mass (r ¼ À0.380, P ¼ 0.041) and HOMA-IR (r ¼ À0.389, P ¼ 0.048) (Figure 2 ). Baseline FMD was positively correlated with VO 2max (r ¼ 0.450, P ¼ 0.015). In the multiple stepwise regression model, baseline FMD turned out to be independently related only to baseline HOMA-IR (partial r ¼ 0.463, P ¼ 0.02). The ratio of maximal to resting BF was not related to FMD, but tended to be negatively correlated with HOMA-IR (r ¼ À0.368, P ¼ 0.052).
Discussion
The present study in obese middle-aged adults resulted in two new, major findings: (1) impaired brachial artery FMD was concomitant with depressed leg BF during dynamic exercise, suggesting that endothelial dysfunction was ) during exercise in normal-weight (black rhombus) and obese (white square) subjects, Po0.05. All variables increased from resting to peak exercise in all groups. Figure 2 The relationship between baseline HOMA-IR and baseline flowmediated dilation (FMD %) in all groups (each white square corresponds to one subject).
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Vascular reactivity in obese men: training effects A Vinet et al present in both conduit and resistance arteries, and (2) an 8 week individualized training program improved conduit, but not resistance artery function, suggesting that the effects of short-term moderate intensity exercise training may vary according to the vascular territory.
Impact of obesity
In agreement with previous studies, 5,7-10 our obese subjects showed lower brachial FMD but similar NDD compared to normal-weight control counterparts. These results are indicative of endothelial dysfunction in the large conduit arteries of obese subjects. The mechanisms underlying this dysfunction are incompletely elucidated. As in previous reports, 9 results from multiple regression analysis of our results pointed to HOMA-IR as the only independent predictor for FMD. Insulin has a direct vascular effect through stimulation of nitric oxide (NO) synthesis in endothelial cells, 29 and the FMD impairment we found in obese subjects could be partly related to insulin-resistance. Small arteries are the main contributor to vascular resistance and the mechanisms of endothelium-dependent relaxation involve different relative contributions from NO, prostacyclin and endothelium-derived hyperpolarizing factor compared with conduit arteries. 30 Resistance vessel function can be assessed by various techniques that measure changes in regional BF in response to either pharmacologic or physical stimuli. 9 Among them, post-ischemic or 'reactive' hyperemia after cuff occlusion is widely accepted as reflecting endothelium-dependent vasodilation capacity. In the present study, forearm peak BF during post-ischemic hyperemia was lower in obese than in normal-weight men, an indicative of depressed endothelium vasomotor function of upper limb resistance vessels. According to Higashi et al, 31 peak BF during reactive hyperemia is strictly similar to that after acetylcholine intra-arterial infusion. Our result, obtained non-invasively, confirmed several previous pharmacological studies demonstrating blunted agonist-mediated vasodilation in obese subjects. 1, 4 Measurement of muscle perfusion and vascular conductance during isolated exercise also provided a good estimate of vasodilatory responsiveness of resistance vessels within working muscles. 14 One major result from the present study was that, irrespective of exercise intensity, obese men exhibited lower BF and vascular conductance than their normal-weight counterparts during a local knee-extensor exercise. To our knowledge, this is the first study assessing leg BF in obese men during a dynamic exercise involving a large muscle mass. Our results are in agreement with those of Negrão et al. 16 who reported lower brachial BF during mild to moderate handgrip isometric exercise in obese women. Collectively, these findings suggest a systemic vascular dysfunction of resistance vessels in obese adults. Nevertheless, we found no correlation between conduit and resistance vessel endothelium-dependent vasodilator function, as already noticed by Pierce et al. (2008) . 32 However, it has to be acknowledged that exercise hyperemia is not only dependent on endothelial function, but is also governed through a complex interplay of factors, including local vasoactive mediators and autacoids 14 whose involvement in our results remains to be investigated. Density of microvessels and capillaries within tissues is also an important contributor to BF. Reduced density of microvessels and capillaries has been demonstrated in obese subjects 33 and this might partly explain our results in the obese group. Capillary density has been reported to explain 46% of the variation in insulin-mediated leg BF changes. 34 Interestingly, the negative correlation we found between HOMA-IR and leg BF response to exercise may support this hypothesis.
Effects of exercise training
The other major result demonstrated by the present study is that, in these patients with depressed systemic vascular reactivity, short-term, moderate intensity, exercise training produced distinctive vascular functional effects, mainly depending on artery type. In agreement with previous studies, our training program intervention improved large conduit artery function as evidenced by improved carotid distensibility and FMD. This beneficial effect was obtained without any change in NND, 18, 35 resting brachial diameter or shear rate. In contrast, it failed to improve resistant artery function, as evidenced by the lack of changes in exercising and post-ischemic BF. To the best of our knowledge, this is the first study analyzing relationships between changes in resistance and conduit vessel function measurements derived from the same subjects before and after a training program in obese subjects. Currently, the reason for such heterogeneity in traininginduced vascular response is unclear. Post-ischemic conduit artery FMD is thought to predominantly reflect endothelial NO bioavailability, 36 whereas the contribution of NO to dilatory response in active skeletal muscle is less clear. Regular exercise has been shown not only to increase or upregulate endothelial NO-synthase protein expression, consistent with a shear stress mechanism for NO bioactivity with training, but also to reduce oxidative stress, which is an important determinant of NO bioactivity. 37 In smaller peripheral vessels, vasodilation depends more on endothelium-derived hyperpolarizing factor than on NO. These distinct regulation patterns could explain the dissimilar effects of moderate intensity exercise training, that is, improvement in NO-mediated vasodilatory capacity but not endothelium-derived hyperpolarizing factor-mediated vasodilatory capacity. This hypothesis is supported by the absence of a relationship between resting FMD and exercise BF. This is in agreement with the study of Green et al. 38 reporting no association between resistance and conduit vessel function in response to exercise training in type 2 diabetic subjects. The training program we designed was completed by all patients and was effective as indicated by an increase in Vascular reactivity in obese men: training effects A Vinet et al VO 2max , sub-maximal HR decrease and changes in body mass composition. However, our training intensity, targeted at LIPOXmax, was designed to improve body composition and insulin sensitivity. 28 On the other hand, this moderate training intensity might have been inappropriate for producing a significant improvement in resistance vessel reactivity, at least at the end of the relatively short training period. A significant weight loss may have been necessary to improve resistance vessel function. Indeed, in obese adults, acetylcholine-stimulated vasodilation was improved after a 10% weight loss induced by diet plus exercise, 39 whereas no significant weight loss was obtained in our study. However, De Filippis et al. 4 reported improved vasodilatory response to acetylcholine after an 8-week training program, without any weight change. Their training program at high intensity induced a 27% increase in VO 2 peak, which was greater than the 8% obtained with our lower intensity training program. More intense training may thus be required to achieve adaptive changes in resistance vessels. Training-induced improvement in such vessels might also be time-dependent and changes might have occurred with a more prolonged duration of the present program. Trombetta et al. 20 reported increased vascular conductance at rest and during mild to moderate handgrip isometric exercise in obese individuals after 4 months of low intensity exercises. There are several limitations to the present study. Only 10 subjects were motivated enough to participate in the training program. A longer program with higher intensity exercise would have probably been more difficult for the subjects to accept and comply with. The exercise training program was targeted at LIPOXmax. Moderate intensity is postulated to be better tolerated by middle-aged sedentary obese subjects and may consequently improve compliance and sustain ability. However, we cannot rule out that a longer training duration and/or higher intensity would have improved resistance vessel function, particularly if the time course and magnitude of adaptations differs between vessel beds. Although subjects were asked not to change their typical diet during the exercise program, they may have involuntarily reduced their energy intake, which may have contributed to the decrease in body fat mass we observed, influencing our results in unknown proportions. In addition, the interpretation of our results may be limited by the relatively small number of subjects, although power analysis indicated that this number was sufficient and Cook's distance indicated no outliers. Finally, our results in middle-aged men cannot be extrapolated without caution to others populations, especially to women. Women were not recruited to avoid variable vascular effects regarding their menopausal and estrogenic status.
In conclusion, our study demonstrated lower carotid distensibility and brachial FMD, lower peak BF during postischemic hyperemia and blunted leg BF during local dynamic exercise in middle-aged men with uncomplicated obesity. Short-term, individualized, moderate-intensity training appeared useful in improving carotid distensibility and resting conduit artery function (FMD), but not in improving exercise BF and resistant artery functional properties (peak BF during post-ischemic hyperemia). Further studies will be required to understand the mechanisms underlying these uneven effects and to optimize training modalities in order to enhance vascular responses at rest and during exercise. This would be the prerequisite for training programs designed to restore cardiovascular adaptation to exercise, whose impairment contributes to the sedentary habits of obese subjects.
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